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ABSTRACT

The region of the lunar surface accessible with a
specified landing time and spacecraft configuration can be

defined in approximately twenty minutes of CPU time on the

Univac 1108. Accessibility can be generated for relaxed free

return translunar profiles with a post periselene DPS abort con-
straint as well as for non-free return translunar trajectories.
Program technical descriptions including flowcharts
and listings are presented in sufficient detail to allow the
potential user to become familiar with the underlying theory
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Description - Case 310

MEMORANDUM FOR FILE

Introduction

A new method of generating lunar surface accessibility
by establishing extremals for a set of mission design parameters
including the effect of a sun elevation constraint at lunar
landing has been developed. Reference 1 discusses the method
used and presents results for April, 1971 with the J-mission
spacecraft configuration and constraints. The computer programs
which were written to implement the method are described here
with flowcharts and listings. Characteristic velocities are
computed using patched conic analysis but corrections for the dif-
ference between integrated and patched conic trajectories are
made before computing the accessibility boundary.

The accessible regions are defined by scanning all
possible trajectory configurations within the mission design
constraints. The feasible region defined by the limiting con-
figurations or extremals of the trajectory geometry allowed for
any specified lunar arrival time is scanned by means of three
free variables: the selenocentric flight path azimuth, o, at
MSI entrance, which establishes a family of lunar approach hyper-
bolas and is bounded by the DPS abort constraint; the angle, ¢,
between the approach hyperbola plane and the final parking orbit;
and the coast angle, 1, in the parking orbit from LOI to the
landing site. Defining REVLOl to be the minimum number of orbits
to be completed prior to LM landing 1t is constrained to be between
REVLOl * 360 and (REVLOl + 1) % 360. The following diagram
graphically illustrates the order of scanning that is used.

~ desired time of landing (user specified)

~ launch times and energies for obtaining the specified
time of landing (subroutine CONTRL)

~ a_._ to a in 2° steps (subroutines ANLSIS and STERN)
min max

to ¢ in 2° steps (subroutine ANLSIS)
max

ANLSIS and TAULIM)
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Figure 1 shows a typical lunar surface accessibility contour for
one time of landing.

Launch Date and Translunar Energy Selection

CONTRL has as its inputs the desired date and time of
lunar landing. From this the desired time of LOI is calculated
based on a T of (REVLOl + .5) % 360. An internal subroutine
GETERG is called to obtain the translunar injection energy for
a given launch day with the desired time of LOI. CONTRL con-
siders all possible launch dates that will give a translunar
flight time within the mission constraints and calls subroutine
ANLSIS for each to cobtain the accessible area of the moon. Before
returning, CONTRL calls subroutine PLOT to plot the accessible
area both on the printout and on the SC4020 plotter.

Appendix A contains a listing of CONTRL.
o Limits

Subroutine ANLSIS finds the minimum and maximum a based
on a DPS abort constraint two hours past periselene (DVI9MX). For
each o considered the spacecraft is targeted to the MSI by sub-
routine STERN* and the DPS abort AV (AV9) is computed. «a is

stepped from 220° to 320°** in 2° steps until a Avg is found less
than DVI9MX or AV9 starts increasing (in the latter case CONTRL

selects another launch date and energy as this one will not meet
the DPS abort constraint). Once the DVIMX boundary has been
crossed, a straight line fit is used to obtain the a (amin) which
has a AV within a specified tolerance of DVIMX. o .  can be

obtained in the same manner by stepping o from 320° to erin in

increments of -2°.
¢ Limits

The maximum plane change (¢) possible at LOI must be

defi a C idered between o and o_._ . Plane
fined for each onsi max min

changes can be made either to the left or the right relative to
the incoming hyperbola. A sign convention has been assumed to

*See Appendix B for a discussion and listing of STERN.

**For retrograde lunar orbits o is limited to 180° to
360°. Imposing a DPS abort constraint eight hours past periselene
reduces the o range. In all cases an a range of 220° to 320° was
found to be sufficient.
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distinguish these two directions: a plane change to the left is
negative and a plane change to the right is positive. Thus the
largest ¢ made to the left can be called dmin and the largest to

the right, ¢max'

Propellant requirements are defined by the three mis-
sion dependent maneuvers; LOI, plane change prior to rendezvous
(PCM), and TEI. The magnitude of ¢ defines the LOI AV as there
is no flight path angle change at LOI.* Selection of the point
under the resulting orbit subsequently defines PCM AV and TEI AV.
One point under each orbit requires no PCM. ¢min allows landing

at that point, with LOI and TEI consuming all the available SPS

propellant. S max is the largest right oriented plane change that

can be accomplished, similarly landing under the orbit where a
CSM plane change prior to rendezvous is unnecessary and LOI and
TEI consume all the available propellant. ¢'s between i and

dmax Jenerate LOI and TEI AV's that do not consume all the pro-

pellant; the remaining propellant can be used for the PCM. The
¢ extremals are computed by subroutine ANLSIS.

T Limits

For each ¢ between ¢min and ¢max the 7 limits are com-

puted by subroutine TAULIM.** Using one of the limits returned
by TAULIM the trajectory is targeted to earth landing*** and the
total propellant burned (FUEL) based on the current AV budget is
computed by subroutine WGTBUD.**** By comparing FUEL to the total
propellant available (FUELMX) a CSM plane change AV is computed
to use all the remaining available propellant. =t limits based on

*A parametric study has shown that off perilune deboost
into lunar orbit does not appreciably increase the accessible
region. In some cases, however, off perilune LOI does reduce AV
costs to a site within the accessible region.

**Appendix C contains a discussion, listing and flow-
chart of TAULIM.

***Subroutine CGNDHOM ics used to generate a fuel optimal
transearth trajectory from lunar parking orbit to earth landing.
The trajectory is fuel optimized within the constraints with
respect to longitude of earth landing and time of flight. FLYHOM
is a subroutine used by GNDHOM. Reference 2 contains a discussion

of GNDHOM and FLYHOM.

***k*Reference 3 contains a discussion of the method used
in WGTBUD.
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this CSM plane change AV are then obtained. This iterative pro-
cedure is repeated (for both Thin and Tmax) until a trajectory

is obtained that uses all the available propellant. For each

T b T_._ and T h oint o
etween min max the p n the lunar surface where

landing is possible is calculated and compared against the
periphery matrix by subroutine SAVE.

Accessibility Periphery

Subroutine SAVE collects the periphery matrix of
accessibility between longitudes of *60°. The periphery is
collected for every half degree of longitude. For each longi-
tude the minimum and maximum latitude is saved. The periphery
matrix is initialized once for each desired lunar landing time.
Upon entering SAVE the latitude of the lunar landing site is
compared to the minimum and maximum latitude in the periphery
matrix corresponding to the longitude of the lunar landing site.
If an improvement is made the periphery matrix is updated. 1In
conjunction with the periphery matrix there is a data matrix so
that each point in the periphery matrix can be identified. The
data matrix stores the date and time of launch; the date and
time of MSI entrance; the date and time of lunar landing; ao;
whether the o was a minimum or maximum; the translunar injection
energy; whether or not the point was generated by ¢min’ ¢max’

T.._ Or t s and whether the whole orbit was accessible.
min max

Subroutine ANLSIS contains four internal subroutines:
GNDHOM, FLYHOM, SAVE and WGTBUD. Appendix D contains a flowchart
of ANLSIS and a listing of ANLSIS and its internal subroutines.

Plots (Subroutine PLOT)

The input to PLOT is the periphery matrix that was
collected for one lunar arrival time. The entire periphery
matrix is plotted on the on line printer and a smoothed periphery
matrix is plotted on the SC4020 plotter. Figure 1 shows a sam-
ple SC4020 plot. The plotting package used was AUPLOT, a descrip-
tion of which can be found in Reference 4.

Appendix E contains a listing of PLOT.
Remarks

On the Univac 1108 the generation of the lunar surface
accessible for one landing time takes approximately 20 minutes of

CPU time or about 170 charge units. At the present time the pro-
gram will compute relaxed free return translunar trajectories
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with a DPS abort constraint. The DPS abort constraint could be
removed by performing minor modifications to the program ANLSIS.
Monitoring of the RCS abort capability is not currently included.

For each arrival time the entire periphery matrix and
data matrix are punched on cards. These cards can be used to
determine the accessible areas for various lighting constraints
or the accessible area by launch date. Reference 5 contains the
accessible region of the lunar surface for a lighting constraint
of 5° to 14° and 20° to 30° and the accessible regions by launch
date for both November and December, 1971.

Q0L

2013-SFC-slr S. F. Caldwell

Attachments
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APPENDIX A

CONTRL

Calling Sequence: CALL CONTRL (DATEAR, TIMEAR)

Purpose: CONTRL determines all possible launch times and
translunar injection energies for a specified time of lunar
landing.

InEut:

DATEAR - Desired date of lunar landing
TIMEAR - Desired time of lunar landing
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00630041
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0065001
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APPENDIX B

STERN

Calling Sequence: CALL STERN

Purpose: STERN is used by subroutine ANLSIS to target the space-
craft from launch to the moon's sphere of influence (MSI). The
trajectory is constrained to yield a periselene radius of 60 n.mi.¥*

Input:
PHIMSP - Latitude of previous MSI entrance point
XLMMSP - Longitude of previous MSI entrance point
ALPHA - Selenocentric flight path azimuth at MSI

entrance

Output:
PHIMSP - Latitude of MSI entrance point
XLMMSP - Longitude of MSI entrance point
RM8PX(3) - Position at MSI entrance
VM8PX(3) - Velocity at MSI entrance

Method:

STERN calls subroutine HITMSI to target the spacecraft
from launch to a point on the moon's sphere of influence. Using
the previous latitude (n) and longitude (z) of MSI entrance HITMSI
is called to obtain the velocity vector (vMSI) at the MSI. STERN
then computes the latitude (no) and longitude (co) of the negative
§MSI pierce point. Since the translunar injection energy is

defined and the periselene radius is fixed the desired MSI pierce
point lies on the dotted circle in Figure 2.

The flight path angle, 8, can be computed using basic
equations for orbital mechanics. The following definitions were
used for the semilatus rectum (p), the orbit eccentricity (e),
the semimajor axis (a), and the angular momentum (h).

*A parametric study has shown that perilune depression
to 40 n.mi. does not increase the accessible region.




h2
p:—‘-:l—-= rp (l+e) . (Bl)
r
e:l—_R.
a

h = rvV sin?g

r is the radius of the moon, V is the velocity magnitude at MSI
entrance, and rp is the desired periselene radius. Substituting

in Equation (Bl) for h, e and a gives

2,2 _.
r’v- sin B _ er - r 2

. 2 2 2y 1 )
sin B8 = - r -5 - —&
r2 2 P ( r3V2 r2



The desired pierce point (n, t) for a given o can then
be calculated using the law of sines and cosines.

ki i . m .
- = —-- + —
cos (2 n) cos (2 no) cosB sin (2 no) sinBf cosa
or
. =1 . .

n = sin (s:.nno cosp + cosn sing cosa)

and
sina __ _ sin(z-z.)
sin(%—n) sinf

or

1l( sina sinBg

= + sin
¢ o cosn

If this n and ¢ are not within some specified tolerance of the
ones that were imputed to HITMSI the whole process is repeated.
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00310041
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00340041
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00370041
00380041
003390041
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00420041
004300A1
0044D0AL
00450041
00450041
004700A1
00480041
0049004a1
00500041
00510041
00520041
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TAULIM

Calling Sequence: CALL TAULIM (RM21PX, VM21PX, HMLOPX, DLV55P,
TAUL, IORBIT)

Purpose: For a given CSM plane change TAULIM computes the minimum
and maximum coast angle, t, in the parking orbit from LOI to the
landing site.

Input:
RM21PX(3) - Position vector after LOI
VM21PX(3) - Velocity vector after LOI
HMLOPX(3) - Angular momentum vector
DLV55P ~ CSM plane change
REVLO1l - Minimum number of orbits to be completed
prior to landing
HRSTAY - Lunar surface stay time
RTOD - Conversion factor - radians to degrees
PERLOP - Period of lunar orbit
Output:
TAUL (2) - Minimum (TAUL(l)) and maximum (TAUL(Z))T
IORBIT - Flag denoting whether whole orbit is
accessible, 1 yes, 0 no
Method:*

In Figure 3 Rm21

after LOI, Z is the selenographic pole in selenographic coordi-

and §m21 are the position and velocity

nates, R is the position of the CSM above the landing site after
LM descent, R” is the position of the CSM after the lunar stay
time, Hmlop is Rm21 X Vm21 and em is the lunar stay time multi-
plied by the rotation rate of the moon.

*Equations were obtained from hand notes of R. J. Stern.




Given a CSM plane change AV(AVSS) TAULIM can compute

the maximum out of plane angle (Gmax) after the lunar stay time.

\

\V 2l
5 AV
T max
Ivm21I
AV
Smax = 2 sin-l ——_—i
2|Vm21|

From Figure 3 an equation for R in terms of t can be derived.

- R v
R _ m21 cost + _m2l sinrt (Cl)

|Rpo1 | V21|

R can also be written as the sum of two vectors A and B where

pod

is parallel to Z and B is perpendicular to Z.

A= (R-Z)7Z and

R = B cos6_ + (ZxB) sine_ + A
m m




or substituting for A and B

R = R cosem + (R-Z)(l—cosem)z + (ZxR) 51n6m

From the following sketch

fas]]

mlop

il

it can be seen that

7ol
N

SlnGmax - Hmlop

Substituting equation (Cl) and (C2) into equation (C3)

gives

(c2)

(C3)



)

= §m21 ﬁth . )
H . - COST C0S9_ + ——— s1nTt COSH
mlop I- | m |§ I m
m21 m21
R v
+ H . (l-cos6_) ( cost —mzl | Z | + sint _m2l Z
- m21 m21
R v
+ H x| Z x —m2l cost + ——Egl;-sinr sind_ - sin$
mlop | _R l l ‘-7 | m max
- m21 m21l

Using the scalar triple product and defining o, B, and ¥y

= (l-cose ) (A . %) | Z - P21
¢ = m’ ‘"'mlop IR |
m21
R
+ sino_ —m2l (B 1 opXE)
|Rm21|
v
= 5 = m21
B = (l-cosem)(Hmlop Z) Z . B |
m21
\
+ sinem —:EZL— . (Hmlopxz)
!Vm21|

= iné
Y siln nax

[



gives an expression in terms of -t

o cost + B sint - y= 0 (C4)

Using the identity

sint = #(l-cos?t)1/? (C5)

in Equation (C4) and squaring gives an equation for cost by use
of the quadratic equation.

2,.2 2.1/2
cost = &Yy * Bla+B ~-¥) (C6)
2 2
o + B

There are three cases to be considered:

l. There is no CSM plane change prior to rendezvous. 1In
this case AV55, § and hence y would be zero and Equa-

tion (C4) reduces to

tant = -

™|

2. There is a CSM plane change prior to rendezvous and

a2 + 82 - yz < 0 (the whole orbit is accessible).

When the whole orbit is accessible the largest AV

: 55
would occur for Y2 = az + 82. Substituting this into

Eguation (C6) gives

o

COSsStT =
(a2+82)

1/2



Substituting in Equation (C4) for cost an equation is
derived for sinrt.

B

sint =
(a2+82)l/2

Therefore,

tant =

Q|w

3. There is a CSM plane change prior to rendezvous and

a2 + 82 - Y2 > 0. Using Equations (C6) and (C5) there

are four possible 1's, two of which are extraneous due
to Equation (C5). The two 1's that satisfy Equation (C4)

. . .
are the desired =t's (Tal and T2 with Ty © Taz).

For all three cases the t's for +5max have been found.

From Equation (C4) it can be seen that the t1's corresponding to

- ] ] s
Gmax are 180° away from the t1's corresponding to +6max' For

case #1 where there is no CSM plane change there are only two
possible t's. For this case the 1 corresponding to +6max is
returned. For case #2 where the whole orbit is accessible Thmin
and Tnax 2Fe set to the worst possible cases. For case #3 where
only portions of the orbit are accessible the t limits are more

difficult to determine. The t1's corresponding to _5max are

T + 180°

~
]
A

+ 180°



The possible 1 regions are shown by the shaded areas in Figure 4.

The CSM plane change and TEI AV's are the same for 1's between 41

and Ty @S for 1's between Ta2 and Tyt SO only one of these
regions needs to be considered. TAULIM returns that region which
is entirely within the one orbit. If both regions are within the
one orbit the earliest one is returned. The Tt region returned is
the shaded area that is not cross hatched in Figure 4.
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(@]

100

b]

200

ZAJIVALINCE
1(PAZ(

1A(3)

5J3R0JTINE

COMMON/VALJIS/SLON(241) oSLAT(24192) 2 ITVAL(6r241)

COMMON/ZU/TWV(400)/C5/FT(130)/C7/242(50)
(FT (33),3ZVL01)
(TWNV(131),PZRLD>)
QM21PX(3)r VM2IPX(3),
TAUL(2)» COSTAJ(2)

35)RTID )
JIMINSION 4MLOPX(35)
Z(3)r TZIMPLL(3),

OMIGA=,0U015250437

TAJR1=RIVLIO1%3560.
TSTAYZAINT(HARSTAY*35600,/PZRL0P+.25) ¥PZRLD?
TAZTAVMZDMZGAXTSTAY/RTOD

A(1)=0,

A(2)=0,

A(3)=1,

CALL MTIXP(00A,2)

JILMAX=2.¥ARSIN(ILV5E52/(2,xVA_ )= (yM21°X)))
TEMP50=(1,=C05(THITAM) ) *¥DOT(HV 07X, 2)
CALL CROS5S5(H4MLIPX,y 29 TZVP1,0)

TAJA(2)»

SINTAJ(2),

TAJLIM(RM219XsVM21Py, AML 02Xy DLVS5°, TAJL,IDR3IT)

(FLT(35 )rARSTAY)»

Tausz(o),
T(4)

ALFAZTZMPS50%I0T(Zy3M21PX) /VALIZ (IM212X) +SIN(THETAM) *DIT(RU21 %,

LTEM21) /VALJZ(RM21PX)

3ZTAZTIVP50%D0T(ZyVM21PX) /VALJZ(VM212X) +SIN(THETAM) *D0T(VU21Px,

1rzviPl)/7valJz (VM21°PX)

SAMMAZSIN(IZILMAK)

10331I71=0

LF(JLVH5P,.5T.0)50 TO 100
TAJo(1)=RTOI®XATANR(=ALFA/35TAr1.)
IF(TAUL (1) eTe0,)TAUL(L)=TAUL(1)+350,
TAJL(1)=TAJL (1) +TaUR]

RETJIRN

TEVMPS)ZALTA®K2+3TTAkK
TEMP51=TZIVP50~5AMAk%2
IF(TEv251,5T.0,)530 1O 200

1033171=1
TAJL(1)ZRTOD*ATAN2(3ZTA»ALFA)

IF(TAJL (1) o LTW0,)TAJL(1)=TAJL(1)+180,
TAY-(1)=TaJL(1)+TAUR]
TAJUL(2)=TAJL(1)+180.

2Ty 1D
AR =AY |

TZVMPS2=ALFAXGAMMA/TZMP50
TEVP53=3TAXSART(TIVMP51) /TEMRS
COSTAJ(1)=TZMP52+4TZM>53
COSTAJ(2)=T=MP52=TEMUP53
SINTAJ(1)=533T(Le~CIS5TAJ(1) *%2)
SINTAJ(2)=53T(1.=C05TAJ(2) *%2)
T(1)=A35(ALFA®COSTAU(L) +3ETASINTAY(1) =5AvMA)
T(2)=A35(ALFAXCOSTAU(L) =3ETAXSINTAU(1) -5AMMA)
T(3)=A35(ALFAXCOSTAJ(2)#3ETAKSINTAY(2) =GAMMA)

000100al
00020041
000300A1
0oo0400al
0005004A1
00050041
0oo07n0a1
0008n0at
0003n0A1
00100Nal
0o1t00na1l
001200a1
00130041
00140041
001500a1
001500a1
00170041
00180041
001300A1
00200041
00210041
002200A1
0p2300a1
0o2400a1
00250041
00250041
0027n0a1
002800a1
002300at1
003000A1
003100A1
003200a1
00330041
0o34n0al
003500A1
0035n0a1
003700a1
02380041
003300a1
00400041
00410041
0ou200a1
00430041
onp44noal
004500a1
0ous500a1
oou700a1
0o4800a1
004300a1
00500041
005100a1
00520041
005300a1
00540041
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[ ]

(@]

40U

o

Cc-9

T(4)=A35(ALFA®COSTAU(2)=3TA*STINTAY(2) =5AuMA)
J=1

JO 210 1=2+4

1F(T(1)eToT(J))J=1

<=1

IF(JsZa,1)4=2

JO 220 I=2+4

IF(T(I) gTaT(<) ,AND I NZ e J) K=

1aN5=]

30 TO (240¢2509250,270) 0 J
TAJACLANS)=RTODXATAN2(+S5INTAJ(1)rCOSTAI(L))
30 TO 280

TAJAC(IANS) ZRTOD*ATANZ (-SINTAJ(1)r205TAJ(1))
20 TO 280

TAJA(IANS)ZRTODRATANZ (+SINTAJ(2)rC2O5TAU(2))
50 TO 280
TAJACIANS)ZRTID*ATANZ2 (=SINTAU(2) P ZD5TAU(2))
I=(IAN>.22.2)30 TDO 23y

1aNS=2

o0 TO (240+25092509270) 0K
IF(TAJA(L) LT 0 ) TAJUA(L)Z=TAJA(Y) +350,
IF(TAJA(2)LTa0,)INAJA(2)=TAJA(2) +350,
IF(TAJA(L) o TeTAJA(2))30 TO 30n
TEMP50=TAJA(L)

TAJA(L)=TAJA(2)

TAJA(2)=T=vRP50
TAJ3(1)=AMID(TAUA(2)+18049350,)+TaJ1
TAJ3(2)=AMOD(TAUA(1)+130.,350,)+TayR1
TAJA(L1)=TaJA(Ll)+TAJRL

TAJA(2)=TAJA(Z)+TAUR]

IF(TAJA(2)-TAUA(1).LT,180,)30 12 400
TAJL(1)=TaJa(l)

TAJL(2)=TAJ3(1)

RITJRN

1F(A35(TAJUA(1)=TAJU3(1))6T,180,)30 TO 500
TAJu{1)=TAJ3(1)

TAJL(2)=TAJAL(L)

R=TJIRN

TAoL(1)=TAaJAa(z)

TAJ-(2)=TAJ3(2)

REZTJIRN

IND

005500A1
005560041
00570041
0058004a1
00590041
006000Aa1
0061n0al
00620041
006300A1
00640041
03656041
0055n0Nal
00670041
00580041
0253001
0n7000A1
00710041
00720041
007300a1
00740041
00750CA1
00750041
060770041
07780041
00730041
0n8000al
008100a1
008200a1
0083004a1
0o8400a1
00850041
008500A1
008700a1
008800A1
008300A1
00300041
00910041
00920041
019300A1
00940041
00950041
00950041
00970041
00980041
009300A1
Di1000n0Al



START

Y
fn,l =
{REVLOI) 360

{

COMPUTE
a

B
Y

!

IORBIT = 0

COMPUTE
A
1
FORi=1T04
E.=acosr,
L} ]
a1 = tan1- &
+Bsinr, -y Ty =tan -g 7y = ten 8
FOR i=1704 JIORBIT = 1
FIND j SUCH NO
THAT ElSEi NO
FOR i = 1704
YES
l YES
roa=r Ty= 7q+360
a1l i fo= T, +180
& 17 1t ‘
FIND k SUCH ; N="+*'m
<
THATE, = E, 3= Tt TRy
FOR i=1T04 7= T,+180
AND it j
RETURN
RETURN

+360 "=

[7a1- Tpel >80 S

a2 + 180
7,1 = REMAINDER

‘r 360
’ R1 ra + 180
b2 = REMAINDER 360
+ TR1

FIGURE C-1: TAULIM FLOWCHART



APPENDIX D

ANLSIS

Calling Sequence: CALL ANLSIS

Purpose: Given a date and time of launch and the translunar
lnjection energy ANLSIS finds the boundary of the accessible
region of the moon.

Input:
DATEF - Earliest possible date of launch
TIMEF - Earliest possible time of launch
ERG7P - Translunar injection energy
Output:
SLON (241) - Longitude in .5° from -60° to 60°
SLAT (241,2) - SLAT (I,l) is the minimum latitude and

SLAT (I,2) is the maximum latitude cor-
responding to a longitude of SLON(I)
Data matrix associated with the boundary

ITVAL(6,241)

matrix
ITVAL(J,I) - contains date and time of launch and a
flag of
0 if a # ®rin and o # & ax
1L if o = a_.
min
2 if o = 4 ax

ITvAL(J+1,I)- contains date and time of MSI entrance
and the value of o

ITVAL(J+2,I)- contains date and time of landing, the
translunar injection energy and a flag of

Lif ¢ = ¢min
2 if ¢ = ¢max
P e ™~
3 1if = . .
] N "min whole orbit
T Tmax accessibl
. ible
5 if t© # Thin and 1 # Thax



6 if v = 1_,
min
7 if v = T nax whole orbit
. is accessible
8 if 1 # Thin and 1 # Thax

= 1 defines the data matrix for the minimum latitude,

= 4 defines the data matrix for the maximum latitude
nd I denotes the corresponding position on the longi-
tude matrix.

J
J
a



(@]

3J3RJUTINT ANLSIS

COMMON/OLDONZW/IPLOT

ANLSIS

COMMON/VALJZS/SLON(241)rSLAT(24192)»ITVAL(60241)
COMMON/Z20/2uLMIA, DF30P,PI260T

COMMON/CZL1/VAR(ITO) /CU/TAVIH00)/cS5/FLT(130)/C6/VEH(100)/C7/PHC(RD)

ZAJIVALENCE

LOFLTO 15) e SLTVIN)
2(FLTL 13)rZLNMAX)
S(FLTC 32)e3L0 )
G (FLTC 35)94R5TAY)
D(FLTC 38)9SRIMAX)
SUFLTC 1) THAMMAX)
T(FLT(130)»DLVRSC)

SQUIVAL_SNCE
LOVES( 18)»2W5T20)
ZQUIVA_ENCE
LUPAZCO  5)e=LAT ),
e(PAZ( 15) RV )
3{PHZ( 33)+2] )or
$(PHC( 35)9D26C1R)
ZAJVIVAENCE

L(Twv( 47)eTIVBP ),
2(Tav( 51)eVMEBPX ),
2TV I101)rELLIP )
$0EnvV(131)9PERLOP)
2(Tuv(153)»TIV25P),
BITHV{159)»TIM25P),
TCTav174)2TIVM2HP),
BiTav(lay)eALF28P)
I(Twv(203)»DAT3I0P),
e LTWVI(213)94RTEP ),
LETwv(215)9ENTC2)
SiTav(213)9ZLT30P)
I(Twv(225) 2 VM25PX)»
H(TavI265) »UTX )
S{TWV(253) 2 VZ28RP)
(Twv(259)90AaT20P)
ZAUIVALEINCE
ZAJIVA_INCE
L(Twv( 57)eRM3PX )
2(VAR( 37)eDATE )y
ZQUIVALENCSE
L{Twv(384)»Ev2UX)»
2(TWV357)r TFLMAX ),
S{TwVv(138),7TI429P)

(FeT(  7),ATEF )
(FLT( 16),5<TUAX)
(FLT( 22),RIVED )
(FLT( 33),RZyLO1)
(FLT( 36),4RTEVMX)»
(F=T( 39),IvaX ).
(FT(128),0LVTL )

(VZ4( 156),T4R20 )
(VIH( 22),W3T40 )
(P4C( 1),5351> )
(PH4C( 8),0M=6A )
(PHC( 25),5Mv )
(P4C( 34),2TDR )
(PAC( 40),FTUILE)
(TAV( 45),2Z357P )y
(TWV( 49),32ZLT8),
(TWV( 71),RM9RP ),
(TWV(122),2Lv202),
(TWV(132),Re0P )y
(TAV(154),’M25PX),
(TWV(162),2-v262),
(TWV(185),RZ28PX)
(TWV(196),3AL=28),
(TwV(210),TIv30P),
(TWV(214%),THETAM),
(TWV(217),Z=T30R)»
(TWNV(220),Z=-N30P),
(TAV(234),43TUXP)
(TAV(248), JNX Yo
(TWV(254),0729P )
{TWV(260),TIM20P),
(SLTUNP (2) » ZLTVXP)
(TWV( 35),dATELP),
(TWV(202),229P ),
(VAR(98 ),TIME )
(TWY(3R3),ZTyouN);
(TWV(385),IFLY )
(TWV(334),TYvMAX )

- ®w ® ® ® w

(FuT( R)Ys TIMEF )
(FUT( 18)»2LNMINY»
(FLT( 26)¢3TAL1IR)
(FLT( 34)sREVLO2)»
(FLT( 37)93TA29R)»
(FLT( 40) » THMMIN) »
(FLT(129)pJLVTE )

(VEZHC 17)2WGTT7 )
(VEH( 55)r#GTAST)

(P4C(  2)»REGEDI) »
(PHC( 14) e ALTATM)»
(PHC( 28)9RMSI )
(P42 ( 35)eRTOD )
(P42( 43)¢SECHR )

(TAV( 46)1IATBP )
(TWV( 20) s IMSIP )
(TWV(100)»3TALL1P)
(TWV(128) »HMLOPX) »
(TWv(152)9IAT25P) ¢
(TWV{158)»DAT26P)
(TWV(173)+DAT28P)
(TAV(188) ¢ RE28P )
(TwV(207)¢3TA29P)
(Tav(212) 9 QDLT30)
(TWy(215) s RENTCL) »
(TWwv(218)v2LN30OR)»
(TWV(221) 2 JEL30 )
(TWV(242) s URX }o
(Tav(222) 9 VE2BTP)»
(TAV(256) 1 ATHETM) »
{TWV(256) s REVEDP)

(TWV( 36) e TIMELP)»
{TWV(331) rALPHA )
(FLT( 24)»RMIR )

(TWV(386) 2 TFLMIN) »
(TAV(197)9DAT29P)

JIMINSION

1 vM23PXx(3),
2 AMLOPX(3)»
3 RM25PX(3),
4 TEMPYH (3),
29 TL (5)»
o W (10)

ELTVIN(2),

SLT3nP(2)

RM23PX(3), UX (3)
RE28PX(3), vvBPRy (3),
VM25PX(3), TPy (3),
TAJL (2), HML (31
ALFA  (2), TLP (5),

CLT307(2)» ELTUNP(2),
JTX (3) UNX (3),
VMR1PX(3) RS523PX(3),

TEMP2 (3) TEMP3 (3),
RM20PX(3)» Vv20PX(3)
ow {9)» ov (9),

00010051
00020051
00030051
00040051
00050051
00050051
00070051
00080051
00030051
00100051
00110051
00120051
00130051
DD140051
00150051
00150051
00170051
00180051
00190051
00200051
00210051
00220051
00230051
00240051
00250051
00250051
00270051
00280051
00290051
00300051
00310051
00320051
00330051
00340051
00350051
00350051
00370051
00380051
00390051
00400051
00410051
00420051
00430051
Go4%0051
00450051
00460051
00470051
0ous00s5t
00490051
00500051
00510051
00520051
00530051
005400S1



(@]

19

(@]

(@]

<

«)

(@]

Y

2300

RIVIIPZREVED
IMS5IP=RVSI

Q= T8=,1
JAL=28=z,01

“aEl30=,1

TYPIZIN=],

[PFEN=1.
RI11P=RIGEDIHALTATY
3Tul1lP=37A11R
ReIP=IRLD
RIZIPZRIGEDIH+ALTATY
3VA29P=5TAR29R

JO 10 =192
FEM250=DTOR®ILTMIN(I)

CZCVVMNP(I)SRTID*AATAN( (1. =FLAT) x%2&«SIN(TZMP50) /C0S(TEUMP50))

FTZwPS0=2T0%zLTUNP (1)
SLT30P(I)=SIN(TZIVPH0)
CLY30OP(I)=CIS5(TEMPHD)
SRT30PZ(ZLTUNP(L)+ZLTUXP)Y /2,
ZLN3OPz=150,

ZLT30R=ZLT30P

ZLN3UR=Z_N30OP

HZTAM=33.3

1L002=1

PEIRLIPZ2, %P1 *RLOP*SIART (RLOP/5MM)

VCIRZSHRT(5MM/RLD)
JViLOIv=34G0,
Jv20P=0.
dLV553=0,
JivedoRPr=0.

CAL. W313JD
JVOMX=304,7%55TIOXLOG(W(H)/(N(4)y=18550,))
IPRA3T=0

TA927200,
JELPHI=2,.

foL=25,
SJV3A>=21000000,

ARITE(H915) D4 DV

FOIMAT('OINPUT DJATAY/Y DW'y9F1p,l/0 DV'1y9F10.1)
CALL PRINTR(De*ZLN30PTAD IVIUX FUELMXW(1) *,
ZLN30P TADy DVIMX»FUZLMXP N (L))

CALL PRINTR(O0r"~4RSTAYRZVED REVLOIREVLO2 'y
HRSTAYPRZIVIIWRZVLO19»REVED204)

INUMZ0

ALPHAZ=220,
IAL2-Az1
1C0JNT=1

CAL. STIRN
CALL A3DRT(TA3,0VIAP,TIMA3,A3INC»A3PCH, IPRAST)
WRITZ(507) ALPHAyDVIAR

00550051
00550051
00570051
00580051
00590051
00600051
00610051
00620051
00630051
00640051
00650051
00650051
00670051
00680051
00690051
00700051
00710051
00720051
00730051
00740051
00750051
00760051
00770051 -
00780051
00730051
00800051
00810051
00820051
00830051
00840051
00850051
00860051
00870051
00880051
008390051
00900051
0091p0s1
00920051
00930051
00940051
00950051
00950051
00970051
00980051
00990051
01000051
01010051
01020051
01030051
01040051
01050051
01060051
01070051
01080051
01090051
01100051
01110051



R

-
2100

2300

2400

24190

2420

(@]

o

250v

o

o«

(@]

APV, FT,0//

D-5

FORMAT (1UX» "ALPHAZ" 97 3,2010X9»'9VIz1,F16,4)
IF(ICOUNT ,2Qe1.0aNIIVIAPLLT.DVUX) 50 TO 2400

IF(ASS(IVIAR=IVIVUX) LT, TOL/2,4 ARICOUNTLEQ,10)50 TO 2400

LF(ICOUNT,ZQe1)50 TO 2100

LF(ICOUNT 5T 24034 (HVIUX=3IVIAP) / ( JVIUX=5IVOAP) o LT. 0,130 TO 2300

SALPHAZALPHA
JVvI3K=3IJV3IAR
SOVIARZDVIAP

ICOUNT=2
ALPHAZALPHA+2 ek [ALPHA

IF((ALPHA,LT«32041.AND,IOVIAPLT,IVI8K+100,).0R, IALPHA,LT.0)G0 TO

2000

WRITE(6e8) ERG7P

FORMAT (' *kkxTAIS ENERGY-==', Z20.8,' I5 UNABORTASLE
RETJRN

TEMRPZ(JQVIVX=DVIAR) x (ALPHA=~SALPHA) /(DVIAP=SDIVIAP)
SALPHA=ALPHA

SOVIAP=IVIAR

ALPAAZALPHA+TIMP

ICOUNTZICOUNT+]

0 TO 2000

IF(IALPHA,LT.0) 50 TO 2410
ALTA(1)=ALPHA

ICDJINT=1

ALDHA=320,

IALPHAZ=-1

30 TO 2000

ALFA(2)=ALPHA

ALDH4A=aLFA(L1) =2,
IF(AS5(ALPHA=ALFA(2)) L T«.01)RETJRN
ALPHAzALPHA+2,
IF(ALP4A.5T.AFA(2))ALPHASALFA(2)

CALL STERN

CALL A30RT(TAY9,0VIAP, TIMAZ,ABINC?ABPCH)IPRAST)
WRITZ(502500)DATZF P ZR57PrALPHA, DVOAP

01120051
01130051
01140051
01150051
01150051
01170051
01180051
01130051
01200051
01210051
01220051
01230051
01240051
01250051

*x%')012600S51

01270051
01280051
01290051
01300051
01310051
01320051
01330051
01340051
01350051
01350051
01370051
01380051
01390051
01400051
01410051
01420051
01430051
01440051
01450051
01460051
01470051
01480051
01490051
01500051
01510051

FORMAT(///% DATEFY)F11,1¢5Xe"E357P*sF124095Xr 'ALPHA'»F6,0»5Xr+Iv901520051

o T14%e'PHIY,T21,'TAU»T270'0LVR20
WST Yo TOT7 s 'FUELY » THS» *SLSLATY, T75, *SLSLON' /)

CALL CZONIC(RMBPX,)VMUBPXy191y)RL0,RV20PX»VM20PXe TEMPS0)
RLOSRLOP

CALLC AJOTI{DATEP,TI
VM20=vALJUE(VM20PX)
CALL C20S5S(VM20PX»RM20PX» TEMP2,1)
Cihiie LiUSS(RMZOPX»TZMP2eTEVMPU, 1)

A

an .
Yior

S TCUDRA . dAaTAND
I "1 W37~ &V

TEMPT76=2#VCIRXIIT(TEMPH»VMR20PX)

TAJS(REVLO1+.5) %350,
I1COUNT=1
1725T=1

IF(INJMeZ3.1)30 TD 3000

JLV55 DLV2601530051

01540051
01550051
01560051
01570051

NIERANCT e
VaiwvoUuUvos

01590051
01600051
01610051
01620051
01630051
01640051
01650051
01660051
01670051
01680051



(@]

3

(%3

7

-

«

2000

2700

280u
2300

3000

3010

302>

3050

6000

5200

o)

TUAXZTUVAX*24 .,
IF(IFLYeERe2)REVLIUZZRIV2MN

01690051
01700051

TZMP512(RIVLOL+, D+AINT (ARSTAY*GICHR/PIRLOP+,25) #R2VLDO2+41,) «*PERLOPD1710051

CALL ADDT(JATZUP»TIM20Pr=DATE Dy =TIMILP»DIAY P TTIME)
TC=IOAY X224 +(TTLMZ+TZUP51) /3600,
TS2=TvAX=T0

WRITEZE(002500)T50
FORMAT('+',T100,*'T50=" 1 m12.4)
IF(TB0,5E,112.)50 TO 2300
LF(TS0 LT 454)RETURN
HRTMX2=TG5D=2,

pﬂI:OO

20 TO 3015

ALS28P=50,

ELN30P==150,

01720051
01730051
01740051
01750051
01760051
01770051
01780051
01790051
01800051
01810051
01820051
01830051

CALL ADDT(DAT23P»TIV23Pe 0, TSTAY+H(REVLO2+1,)*PERLOPYDAT25P, TIY25P01840051

TZEMPS1=DESCIR*(RIVLI2=AINT(REVL02))

CALL ROTATE (RM23PX,4MLOPX,TEVMS51,M425PX)

CALL ROTATE (VM23PX,AMLIPX)TEMD51,yU25PX)

CALiL HOME

Calu ADIDT(DAT30R,TIM30Pe=DATELDy=TIVMELPyDIAY»TTIMVE)
TL(1l)=)JDAY*24.+1TIME/ 3500,

TL(2)=TL(1)+24,

TL(3)=TL (1) =24,

TL(4)=TL(1) =48,

TVMAXZAVAX] (TUMAX,TO+112,)

J0 2800 I=1.4

IF(TL(L) oL e TUMAKGANDSTL(I) 35, (TI445,))30 TO 2300
RETURN

INJV=]

JLV20P=JVLOIM
TEVPZ (VCIR**¥2+VM20%%x2=DLV20P**2)/TEMPT5

PHI==ARCIOS(TEMP) %TOD

CALL ROTATZ(TIVP4,RM20PXyPHI»VV21PX)
20 3025 I=1+3

VV21PX (1) =VM21PX([)*VCIR

CALL CROSS(IM20PX,VM21PXrHMLe 1)
IF(INUM.E3,0)50 TO 5200

CALL ADJDT(DATR20P,TIM20P»0,,PERLOPXTAU/360,¢IATETIME)
IF(ITZ5T.LZ.2)0uLV55P=0,
CALL TAJLIM(RM20PXrVM21PXeAML»LVS55Py TAULyIOR3IT)

TAJY=TAUL(1)

IF(ITZST.E3.4)TAUSTAUL(2)

CALL ROTATZ(RM20PX»AML,TAU)RM23PX)
TEVP51=PERLIOP*TAJ/ 360,

CALL ADDT(DAT20P»TIV20P¢0,.9TEURS51,NDAT23P,»TIV23P)
JATZ=IATR3?

TIMEZTIMZ23?

CALL QMFIXP(1¢3M25°X9523PX)

IF(ITZ5T.23.5)G0 TO 7400

01850051
01860051
01870051
01880051
01890051
01900051
01910051
01920051
01930051
01940051
01950051
01950051
01970051
01980051
01990051
02000051
02010051
02020051
02030051
02040051
02050051
02060051
02070051
02080051
02090051
02100051
02110051
02120051
02130051
02140051
02150051
02160051
02170051
02180051
0213p0sS1
02200051
02210051
02220051
02230051
02240051
02250051



[ @]

302

o

o

5100

o

)

3409

3420
3019

3450
3500

3

4000

9001

D-7

SIMULATI wUNAR STAy TIMEZ ayd CsM PLANZ CTHANSE

ISTAYSAINT (4RSTAY#SICHR/PERLOP+,25) «PERLOP
CALL AJDT(DAT23P,yTiV23P 0.+ TSTAYsJATENTIMVE)
CALL QMFIXP(0rR523PXyTZVP1)

CALL CROSS(HML,TEWP1,TZWP2,1)

CALL CROSS(TZMP1,yTZMP2,TZMP3,0)
PCHCMPZA3S(RTOD*ATAN(DOT(TIMPLyML) /DOT(TEMP3I e 4ML) ))
Jev55PzviIR¥SART(2,~2,%COS(PCHCUP*DTOR))
TEMPS51=vALJZ(TIMUPL)

FEMP530=3.0/TEMP5]

J0 302 I=1,3

AMLOPX (1) =TEMRPI([) /TZUPSL
RM23PX(I)=TIMPO0*TZIVP1I(I)
VME3PX (1) =vIIR*TEIMP2(])

LFOINUM,ZQ,0)60 TO 2700

CALL 3NDADH
CALL W313JD

SLSCAT=RTOD*ARSIN(RS23PX(3)/VALUE(RS23PX))
SLSLON=RTOD*ATAN2(RS23PX(2)rR5237X(1))

WRITE(5¢5100)PHI»TAJ»ILV20P»OLYSIP)OLV25PyWST»FUEL»SLSLAT»SLSLON

FORMAT (9X¢T8421477,092F840+F9,29711,2)
IF(ITZ35745T.2)6G0 10 5800

IF(A3S(FUSL=FJZMX) (LT, TOL,OR,TCOUNT23.10)50 TO 4000

IF(ICOUNT,ZQ.1)50 TO 3400

IF(ICOUNT 5T eRe IR (FUSLMX=SFUEL)/(FUSLMX=FUZL),LT+0.)50 TO 3500

IF(FUZ L eOTeSFUELIANDFUELGTFE=-MX)G0 TO 3450

SFUCL=FUEL

SP4Iz=24]

PHI=PHI+JELPHI

ICOUNT=2 '

IF(PAL 5T, 0. AND (PHI=IELPHI) oLTe=.1)2HI=0,
JLV20P=5AT(VCIR*42+VM20%%2=TEWPT6%COS(PHI*ITOR))
G0 TO 3015

IF(ITZ5T.23.1)50 TO 2420 }

TEMPE (FJELMX=FUEL) *(P-4I=SPHI) /(FJEL=SFUEL)
SFUEL=FUEL

SPHI=PAI

PHIZPHI+TIVW?

ICOUNTZICOUNT#L

30 TO 3010

IF(ITZ5T.53.,2)G0 TO 4500
WRITE(5,9001)PHL

FORMAT( '+, TB5» 'PHIVIN'Y/F12,4)
CALL SaviE(l)

JLvs5P=10,

50 70 5700

IF(PHI=OLIPHI«LT«3.5)50 TO 571n

D2250051
02270051
02280051
02230051
02300051
D23100S1
02320051
02330051
02340051
02350051
02350051
02370051
02380051
02390051
02400051
02410051
02420051
02430051
02440051
02450051
02450051
02470051
02480051
02430051
02500051
02510051
02520051
02530051
02540051
02550051
02560051
02570051
02580051
02530051
02600051
02610051
02620051
02630051
02640051
02650051
02660051
02670051
02680051
02690051
02700051
02710051

NaTIaINNC e
Ve auudl

02730051
02740051
02750051
02760051
02770051
02780051
02790051
02800051
02810051
02820051




53714
3002

)

o
5000

570y

~
15

5800

5850

)

6500

2003

7000

3004

PHI=0LDPH]

JLvsbrPz1y0,

90 TO 5700

WRITE(509002)PH1

FORMAT (Y +1,TB5, 'PHIVAX 1 F12.4)
CALL S5AVE(2)

o0 TO 2420

ITEST=?

ICOUNT=1
PRAI=P4I=2zLPHl/2,
G0 70 3010

PHIZPHI+JZLPAI

IF(PHIQST.O.AVDI(D_'I-JELPHI) .LT.-.I)Q-{I:OQ

DLIPHI=PHI
1TZSTz3
1COUNT=1
SEN525=0,
50 TO 3010

IF(ABS(FUIL=FJELMX) (LT, TOL,ORLICOUNT.Z2.10)30 TO 5500
IF(I0RIIT ZRe1¢AND ITZST Q% aAND L ICOUNT 2.1
00 TO 7000
IF(OLVv55P,23450LVv55,AND. ICOUNT,NZ,1)50 TO 6500

LFCICOUNT,NZ.1)5EN5256=(DLV256P=550V26) 7/ (ILV55°=53Lv55)

LF(SENS26,LTe=.3)52N5262~,9
50LV55z2LV55P

55)V25=dLv25P

50W=Dw (1)

20 585p I=z2,6

SOA=SIN+6 (1)

=LO$((-FJELWX+W(1)-SJW-DW(?)*(IO-EXD(-(DV(3)+DV(9))*320))°

IW(B) % (Le=ZXP(=DV(9)%I20)))/W(7))

DLVSS>:)Lv55P-(A/320+3v(7)+JV(3)*3v(9))/(1.+SEM525)

IF(ILVS5P,LZ.0,)50 TO 5000
ICOUNTZICOUNT+1
60 TO 3050

IF(ITEST.Z3.4)50 TO 7000
ITEST=zy

ICOUNT=1

SENS25=z0,

TAJVMINZTAY

WRITE(599003) TAUMIN

FORMAT( "+, 785, 'TAUVIN' +F12.4)
vMvz3

IF(IOR3IT,EQ.1)vMvzp

CAL- SAVE (MVM)

IF(FUZL.GZ.FUZLUX+2,%TOL)G0 TO 5700

50 TO »000

TAUMAX=TAY

IFATAUMAX=TAUMINGGT.180.1) TAUMAXSTAUMAX~180,

WRITE(509004) TauaX
FORMAT (149, T85, ' TAUMAX 1 F12.4)
MMM =y

02830051
028400S1
02850051
028560051
02870051
02880051
02830051
02900051
029100s1
02920051
029300s1
02940051
02950051
029560051
02970051
02980051
02990051
03000051
03010051
03020051
03030051
03040051

03050051
03070051
03080051
03090051
03100051
03110051
03120051
03130051
03140051
03150051
03150051
03170051
03180051
03190051
03200051
03210051
03220051
03230051
03240051
03250051
03250051
03270051
03280051
03290051
03300051
03310051
03320051
03330051
03340051
03350051
03350051
03370051
03380051
03390051



3

7400

750y

OO0 00

o

3301

OO0

5999

4u
4010

IF(IOR3IT,Z3,1)vuu=7
CALL SAVE(MMM)

YvMzZ5
IF(IOR3IT,Z3,1)vvu=8
ITzZ5T=5

JELTAUZ,. 25
TAU=TAUMIN

30 TO 75U0

SLSLATZRTID*ARSIN(RS23PX(3)/VALJIZ(R523PX))
SLS_ON=RTOD®ATAN2(RS23PX(2)»RS232X (1))
CALL SAVE(MMM)

TAJ=TAJU+IELTAJ

IF(TAJLBE,TAUMAX) 3D TO 5700

50 TD 5200

9AND H0vE

5JBRIOJTING 3NIH0M

IF(IFLY.EQ,2)REVLI2=RIV2UN
L00>2z1

03400051
03410051
0342p051
03430051
03440051
03450051
03460051
03470051
03480051
03430051
03500051
03510051
03520051
03530051
03540051
03550051
03560051
03570051
03580051
03590051
03600051
03610051
03620051
03630051
03640051
03650051

CALL ADDT(DAT23P,TIM23P,0.sTSTAY+(REVLO2+1,)*PEZRLOP,DAT25P, TIM25P) 036560051

TZMPS51=)Z5CIR* (REVLD2-AINT (REVL)Y2))

CALL ROTATE (RM2LPX»HMLOPXy TZMP51PRU25PX)
CALL ROTATT (VM23PKeHMLOPX e TEMPRL Y YM25PX)
I1.00Pz=1

TIANSZARTH TRAJECTORY

IF(IFLY(NEL.D) 5O TO 3999

CALL FLYHOM

RITYIN
TOS(DAT25P=DATZLP) %24, +(TIM25P=7IMELP) /3600,
FS0=(TUVAX+0,1) %x24,~-TO

TeMINSTO+TELMIN

TLMAX=TO+TFLMAX

[F(T30.,52.TELMAX) 30 TO 4000

IF(T30 LT TFLMIN,ANDLOOP.EQRL1)5D TO 4999
IFCTG00 T o TFLMINGAND LODOP.5Te1) 50 TO 4950
ARTUXP=T50=2,

30 TJ 4010

ARTUXP=TFLUAX=2,

CALL FLYHOM

SJLv26=z)LV25P

SHRTIHRTUX>
TLANDZ(DAT29P=DATZLP) %24 +(TIM29P=TIMELP) /35600,
TLO1)=TLAND+24.

TL(2)=TLAND

TL(3)=TLAND =24,

TL(4)=STLAND =48,

TL(5)=TLAND=72.

JO 4020 1=1+5

03670051
03680051
035630n0S1
03700051
037100S1
03720051
03730051
03740051
03750051
03760051
03770051
03780051
03790051
03800051
03810051
03820051
03830051
03840051
03850051

4
03850051

03870051
03880051
03890051
03900051
03910051
03920051
03930051
03940051
03950051
03960051



(@ OOMO0OO000

D-10

4020 TeP(I)=0,

4030

4031

4100

4200

4301

4302

4950

4399
4333

LTLOOP=9
20 4030 I=1,5

IF(To(1) e T TLMINGORGTL(I) oGTaTLMAX ORGTL(I) 5T, TUMAXX24,)

30 TO “u3d

ITLOOP=ITLOOP+1
TLP(ITLDOP)=TL(I)

CONTINUZ

[FUITLODP.NZL0) 50 TO 4031
LF(LI0P,5T,1) 30 TO 4350

30 TO 4999

T_PVMAX=TLP(1)
L1S(TLPVAXeZQ3.TLAND) G5O TO 4100
ARTUKP=TLPUAX=T(O+12,

CALL FLY-OM
IF(DLV25P.53T.SOLV25)3D TO 4100
SJLV26zILV2H?

SHRT=HRTUMX?

IF(PI260TeLZ40.) 50 TO 4901
1.00P=1L00°+1
AF(IL00P.3TITLOOP) 50 TO 4901
ARTUXP=TLP(ILOOP)~TO+12,

CAL_ FLYHOM
IF(JLV26P,5T,.5DLv25) 50 TO 4901
50LV26=)LV26P

SHRT=HRTUXP

LF(P226)T+LZ.0e)30 TO 4901

30 TO 4200

LF(L00P 5T, 14AND.5DV26,LT«50LV2s) GO TO 4902
SJV26=5)LV25

SHRMX=54]T

SREV2=REVLO2

IF(IFLY,E3,1) G0 TO 4950
RIVLI2=REVL D243,
LIF(REVLD2.3T.REV2UX) 30 TO 4350
=00P=LDOP+1

30 TO 3001

4RTUXP=5HR VX

REVLD2=5REV?

JLV2bP=5DV25

ARTEUMXZ4RTUXP

RETURN

WRITE (5r4998)
FORMAT(/'NO SOLUTION WITHIN FLIZAT TIME CONSTRAINTY')
RETJIN

FLy49M™

SU3ROUJUTINI FLYAOM

IZL0N=L
SeN30PzZLNVIN

3900 <21=1

03970051
03980051
03990051
04000051
0y010051
04020051
04030051
04040051
04050051
04060051
04070051
04080051
040900S1
04100051
04110051
04120051
04130051
04140051
04150051
04160051
04170051
04180051
04190051
04200051
04210051
04220051
04230051
04240051
04250051
04260051
04270051
04280051
04230051
04300051
04310051
04320051
04330051
04340051
04350051
04360051
04370051
04380051
04390051
04400051
04410051
04420051
04430051
04440051
04450051
04460051
04470051
04480051
04490051
04500051
04510051
04520051
04530051



4000 CALL HOwvZ
ZLT30S=cLT30P
SZLN30=zLN30P
STHU=T4zTAM

CALCJLATE LIMITS ON ALF28P JJE TO MAXIMUM INCLINATION

OO0

CSLTRB=SART(RE2BPX (1) %xx2+RE28PX(2) %xx2) /RE28P
SNLT2B=REZ26PX(3) /RE28P
ZLT28P=TOD*ATAN(SNLT28/C25LT28)
[EvMP50=CO0S(DTOR%IVAX) /C5LT28
IF(TZMP50.LTels) 30 TO 4001
WR1TZ(5,9005)

J0U5 FORVAT(140,5Xe264IVMAX CAN NOT RZ SATISFIE)D)
CALL CHNXIT

4001 ACFMNLIZ30.*%(TYPREN=1,)+RTOD*ATAN(TEUMPS50/SQ’T(1,-TEMPS0%%2))
ALFMX1I=TYPRIN*18U.-ALFUNL

OO0

CALCULATE LIMITS ON ALF28P JJE TO LATITJIZ CONSTRAINT

ALF1=0.
ALF22180.
PHOZELTVAX
=1

04540051
04550051
04560051
04570051
04580051
04590051
04600051
04610051
04620051
04630051
O4b640051
04650051
04650051
045670051
04680051
04690051
04700051
04710051
04720051
04730051
04740051
04750051
04750051
04770051
04780051

4100 CSAL2B=(SIN(PHO*)TOR)=SIN(ELT282%ITOR) *COS(DF30P*ITOR) I/ (COS(EL_T2804790051

1P«DTOR) *SIN(DOF30P*3TOR))
LF(A35(CS5AL28)+5Tel.) 30 TO 4101
SNALZ2B=3ART(1e=CS5AL28%%2)
ALF2BZRTOID#ATAN2(SNAL28,05AL28)
AF(ALF2BsiaTe90e) ALF1z=ALF28
IF(ALF28,.,5T.90.) AL_F2=ALF28
4101 1=I+1
IF(I.5T.,2) 33 TO 4102
PHOZZLTVIN(L)
a0 T2 4100
4102 ALFvVN2=ALF1
ALFMX2zALF2

CALCULATE LIMITS ON ALF28P

OO0

ALZ2BMNZAVAXT (ALFMNL,ALFVN2) +.01
AL2BAX=AMINLI(ALFUX1)ALFUX2)~,01
IF(AL28UNGLZAL2BMX)GD TO 4199
ARITZI(5,7001)

7001 FORMAT(LH0,5Xs'EARTH LANJIING AREA IS OUT OF RANGE')

CALL CHuxIT
c
g CALCULATE OPTIMUM ALF28P
4199 CALL CROSS(JRXrUTXsUNXe0)
JATZ=DAT28P
TIME=TIv28?

CALL OPTALS(ALF28P,AL28UNsAL2BVY)VE2BTP,)VE28RP,4MLOPX»ALF28T)

2000 IF(<21.,Z3.8)ETURN
IF(A3S(ALF28T-ALF28P).LT.QALF28)69 TO 5510

04800051
0uB81o00s1
04820051
04830051
04840051
04850051
04860051
04870051
04880051
04890051
04900051
04910051
04920051
04930051
04940051
04950051
04960051
04970051
04980051
04990051
05500051
05010051
05020051
05030051
05040051
05050051
05060051
05070051
05080051
05090051
05100051



OV OO0

(@]

OO0 OOOOOO0O0O00

e N g N Q)

5510

ALF23P=ALF28T

K21=<21+1

30 TO 4000
[F(PI25)TeLZe0se0R,IELONCEQ,1) ZTURN
IZLON=]

ZLN30PzZLNVAX

30 TO 3300

WGT3JD

SU3ROJTINE W5T30D

REAL ISPe LMWGT
DIMENSION DJF(9)

I15P=313.9
220=1,/7(I152%GSTD)
CMANGT=27290.
NGTRN5=98,
LMN5T=35379.
FUZLMX=239410.

FUEL=0.
LVINTS
1 TRANSLUNAR ZXPEINDABLES
2 AY3IJ MIJCOURSZ 3URN
3 MIJCOJRSE DJILTA vV
4 LOI
5 M
& C5v CIRCULARIZATION
7 C5M PLANE CHANSZ
8 LM RISCUE
9 11

WZIGHT JRDP AT EVENTS

Dw(l)=149,
In(2)=118,
In(3)=219,
In(4)=pl.

IW(5) =510, +LMAGT
dw(d)=169,
dn(7)=330,
In(B8)=299,
DW(g):OQ

DELTA v AT EVENT

v(l)=g.

AV(2) =0,
dv(3)=32.9
AV(#)=155,+ILV20P
Iv(5)=0.

05110051
05120051
05130051
05140051
05150051
05160051
05170051
05180051
05190051
05200051
05210051
05220051
05230051
05240051
05250051
05260051
05270051
05280051
05290051
05300051
05310051
05320051
05330051
05340051
05350051
05360051
05370051
05380051
05390051
05400051
05410051
05420051
05430051
05440051
05450051
054560051
05470051
05480051
05490051
05500051
05510051
05520051
05530051
05540051
05550051
05560051
05580051
05590051
05600051
05610051
05620051
05630051
05640051
05650051
05660051
05670051




AOOOO0O0n

(@]

140

25

50

100

200

300

IV(d) =75,
IV(T7)=DLVESP
Jv(8)=500,
IV(3)=30.+dLV2pP

WN(1)=CUNGT+AGTRNGHLMWGTHFUELMX

D0 140 1=2,10
N(I)=W(1=1)/EXP(DV(I=1)#%D20)=dw(l=1)
IF(L=1)zA(I=1)=w(I)=dW(I=1)
FUSLZSJEL4DF(I=-1)

WGTZW(10)

RETJRN

SAVE

SU3RDJTINT SAVE(MM)

IF(FUZ LT FUSLUX+2.%xTOL) GO TO 50
IF(ITZSTeNZLD)IWRITZ(Hr25)

FORMAT( '+ 9 T105) " xkkkekNDkxkkkg NIk ki)

RETJRN

IFLAG=0

IPLOT=IOLOT+1

IF(A35(5L5LON) .L2,90,)50 TO 100
SLS.AT==5L5LAT
SL.5.0N=SLSLON=515N (180, »SLSLON)
IFLAG=1

IF(A35(5SLION) 45T ,6042)RETURN
ILONZ2, % (SLSLON+50.)+#1,5

IF(5LSLAT, GELSLAT(ILON,1))GO To 200
SLAT(ILON,1)=SLSLAT

UES |

60 TO 300
IF(SLSLAT.LZWSLAT(ILONY2))IRETURN
SLAT(ILON»2)=S5LSLAT

VEIN

NJATZ(DATELP=2441000.)
IF(NDAT.LT.0)NDAT=NDAT+1000
NJATESNDAT*100+TIvVZLP/3p4s+5
NBL2=0
IF(A3S(ALDHA=ALFA(1)) LT 1INALP=]
IF(A3S(ALPHA=ALFA(2)) «LTeel)NALP=2
ITVAL (VM ILON)SNALP*10000000+NDAT
NJAT=(DATS® =2441000,)
IF(NDATLTLOINDAT=NDAT+1000
NOAT=NDATx100+TIMBP /864.+,45
NPARZALPAA+,5

ITVAL (M+1,ILON)=NPARXIO00000#NIAT
NJAT=(JDAT23P=2441000,)
IF(NOATL.T.0)NDAT=NDAT+1000

05680051
05690051
05700051
05710051
05720051
05730051
05740051
05750051
05760051
05770051
05780051
05790051
05800051
05810051
05820051
05830051
05840051
05850051
05860051
05870051
05880051
05890051
05900051
05910051
05920051
05930051
05940051
05950051
05960051
05970051
05980051
05990051
05000051
05010051
05020051
06030051
06040051
05050051
06060051
05070051
05080051
05090051
06100051
06110051
05120051
05130051
Goi%0051
05150051
05160051
05170051
05180051
05190051
05200051
05210051
05220051
056230051
05240051



(@]

1IF(TAJ,GT,RIVLI1%350,+180,)IFLAG==IFLAG
NDATZNDAT*100+ (TIM23P+IFLAGXPILOP/2,) /8B4 45

NPARSAMDI(=ZRGT7Pr1.27)/71.E5

ITVAL (Y42, ILON) =MV*10000000+NPA*100000+NDAT

IF(M.23.,1)30 TO 200
RETJRYN

END

D-14

05250051
05260051
05270051
05280051
05230051
05300051
05310051
05320051



COMPUTE
MAXIMUM
DPS ABORT
Av, )

9mx

CALCULATE
DPS ABORT
Av (Avg)

1S

ICOUNT =1
AND

Avg < AVme

T=(Av9mx - Avg)(a-sa)
Avg-sAv9
Sa=a
sAv_= Av, -
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FIGURE D-1: ANLSIS FLOWCHART
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FIGURE D-2: ANLSIS FLOWCHART (CONT.}
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FIGURE D-3: ANLSIS FLOWCHART (CONT.}
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APPENDIX E

PLOT

Calling Sequence: CALL PLOT

Purpose: To produce a printer plot of the entire pheriphery
matrix, to smooth the pheriphery matrix and then plot the
smoothed version on the SC4020 plotter, and to compute the
mean arrival time using the data matrix.

Input:*
SLON (241) - Longitude of landing
SLAT(241,2) - Minimum and maximum latitude of landing
ITVAL(6,241) - Data matrix corresponding to boundary
matrix

*For further detail see outputs of subroutine
in Appendix D.




o

o

«©

O

«

40

10

12

SU3RDYTING PLIT

COMMON/VALJIS/S.ON(241) rSLAT(24192) 2 TTVAL(69r241)

REAL. INTHZIS

WRITZ(502)

FOIMAT('LY)
20 35 Lzbs7

WRITZ(Lp 1) ASLONCI) » (SLAT(INK) p=1,2) » (ITVAL(I» 1) »J=105) »1210241)
FORMAT(E0.19277.295110)

J=0e
JATZIZ=0,

J0 40 [=l,241
JO 40 Jz=3+53

£3.<=v00(ITVAL(Je1)»100000)

IF(I3L<NEL0)I=D4),
JATZ=I3LK$DATC

1F(Je3TLU)DATZZLATEY/D
TIMZ=AMOID(DATZ,100.) %854,
DATEZ=INT(DATI/100,)+2441000.5

ARS=TIvMZ/ 3500,

JZ5=HR5%12.,19/2¢4.,

SCAw.T=,2

INCHES=DZIGxSCALE

Chuw JANDT(OATZ»TIMT,IDAY»IMON,IYR,I4R,IMINSSZC)

ARITE (5,3)DATZHTIVE,IMONP IDAY»TYRPHRS»IEG)INCHES
ARITE(7o4)DATE P TIME»IMONP IDAY»TIYRyH4RSPIEG)INCHES

FOIMAT(YUMSAN ARRIVAL TIMZ'»F11.,1,59.193X9A30130100F742¢5Xe'DFEG"
FBe30OXp YINCHLS'»<7,3)

FORMAT(T11,197F3,193%X243913,15,378,3)

20 10 I=zl,241
JO 10 ucl.2

CA_L COLECT('SLSLATY,SLAT(INJ))
CalLi COLZTT('S5L5L0N,SLON(D))

CaLw TITLE
CALL 2.CHa('0Y)

ChLL OLTICS('S5LouATYy=7549754)
CA;b_DLTL:S"SLSbOV‘"900'900)
CALL PTX('SLSLONTY'SUSLATY)

ChAue CULIJT('SLSLATY)

~A ~
LAl 3 VRV -

9]
LRV N A Y - e wd S N

1T 020 C

CALL P.CAAR(D)

IPLOTIT=0
1PLOT=0

JO 55 UJ=1.2
IF(JJ.Z25.2)50 TO 12

ISTART=1
IzNJ=121
30 TO 15

1S5TART=121

RN N

A
’

00010041
00020041
000300a1l
0004%00a1
00050041
000500a1
00070041
000800a1
00090041
001000A1
001100A1
0012n0a1l
001300a1
0ot4n0al
0015n0a1
001500A1
00170041
001800A1
001200A1
0p2000a1l
0n21004a1l
00220041
00230041
0o2400A1
002500A1
002500A1
002700A1
002800A1
002300a1
0D300DA1
003100A1
00320041
003300a1
00340041
00350041
003500A1
00370041
003300A1
003300A1
oo40n0A1l
oos4inoat
0o4200A1
oou300al

ANNnitnNas
VUTTUUVRL

0ou500a1
oous500A1
0gu700a1
0ou800A1
004300A1
00500041
005100a1
005200a1
005300A1
005400a1



«

«

(@)

«

<

(@]

(OO

17

19

29
50

55

100

ART» LZND
IF(A35(5CAT(IvJ)) . 53T.90.5)50 Ty 20

1F (L1429 ITND0URGIPLOTLE2.0)530 1O 19
IF(A35(5uAT(I+19J)).5T,90,5)50 T2 19
M1=13A5Z+1

MzzI+1

20 17 v=vi,u2

00550041
00550041
0057004A1
00580041
005300a1
00600041
00610041
00620041
00630041
pos4n0Al
0065004t
006560041
00670041

SMZ((S.0N(M) =SLON(I3ASI) ) % (SLAT(M2,J) =SLAT(I3ASZyJ) ) =(SLAT(Mr,)) = 00680041
SLAT(I3AST»J) )% (S.ON(MR2) =SLON(T3ASE) ) ) /5QIT((SLON(IBASE)=S5L0N(vM2)006300A1

)2+ (SAT(I3ASLy ) =SLAT(M2r ) ) %k%2)
1F(JeZ3e1)5M==5¥

I (5MeiTe=e2¢0R4SMU5T,2.)50 TO 13
30 TO 50

13a5Ec

CALL COLECT('SLSLATY,»SLAT(IrJ))
CALL COLECST(*SLSLON'»SLON(I))
IPLOT=1”PLOTH+]

S50 TO 30

LF(LIP_OT«3Te0)CAL. PLOT2
CONTINUEZ
IF(IP.OT3T.0)CALL PLIT2
IF(IPLIIT,,ZR.0)CALL PLOTBL
RETJRN

SJ3RDUTINI PLOTe
IF(IP_OTZ341)50 TO 1uo

CALC PLTICS('SLSLATY»=40.+50.)
CALL PLTICS('SL5L0N'»=304900)

IF(JJaZ0e2)CALL PLTICS('SLSLON»0,,90.)

CALL PLTIIN(YSLSLATYy=30,)
CA_o. PLTIIN('SL5.0N'p=00,)
CAL. ITX('SLSLON','SLSLATY)
IPLOTT=1

CALL ZJ.0JT('SLSLATY)

CAL L CJU.QJT('SL5LoNY)
IPLOT=D

RZTJRN

SLSLATY»U,)
CAL . COLICT('SL5L0NYy=30,)
CALL ZOLECT(YSL51LAT'r0,) ‘
CALL COLZCT('SLSLON',=80,)
1P 0T=2

CAL. 2.0T2

RITIRN

007000A1
00710041
03720041
00730041
00740041
007500Aa1
0n7500a1
00770041
007800a1
007300a1
0080004A1
008100A1
008200Aa1
008300a1
00840041
00850041
00850041
00870041
0088n0Al
008300a1
009000a1
00910041
009200A1
009300A1
00940041
0095004a1
009s00a1
0n9700a1
0098004A1
00930041

010000A1
N101nnNa

...... ~

01020041
01030041
01040041
010500a1
010500Aa1
010700a1
010800A1
010900a1
01100041
Dii1100a1



(@

(@]

(@]

(@]

(@]

o

[ @]

(@]

SU3RDJTINE TITLE

INTZ5ZR To22R0r TITeF0rF19729F3

JIMINSION T(8),11T(B)

JATA T/ MIAN ARIIVAL TIu:

£230/1'3vd330"/

JO 1 I=1+5
TIT(I)=0

N1=JATZ-2440000
Ne=TIVZ*10

FO=N1/1000+ZZR0D
F1=M02(N1»1u00)/7100+2ZZRD
F2=M0J(N1,100) /7104220
F3=M0D(N1,10)+Z22%D
F5=N2/710000U+ZERD
FHE=vM0D(N2,1000U00) /710000+2ERD
F7=M0)(N2,10000)/71002+2ZR0
FbzMOJ(N2,1000)/71060+22ZRD
F9=v0D2(N2,100) 71042232
F103MOD(N2,10)+2ZRD

FLI(2495eTITI(D)
Fud(30e5eTIT(D)
FLIDC DeBeTIT(D)
FLD( 5952 TITU(D)
FLI( 5,50 TIT(7)
FLO(1295eTIT(7)
FLO(18,5eTIT(7)
FLI(24 5o TIT(T)
FLO(30,5»TIT(7)
FLD( 5,59 TIT(8)

DL I L R E RN AN AL 1]
LI T T I T YT T E e £ W 4
P OECNOUUWV-O

- e N M et N e e S

0

20 2 1z1+8
TIT(D)=TIT(I)Y+T( L)

CALL PLUTITL(TIT)
RETJRN

ZND

244339345

011200A1
011300a1
011400a1
01150041
011500A1
011700a1
01180041
01130041
012000a1
012100A1
01220041
012300a1
012400a1
012500a1
012500A1
612700A1
0i12800a1
012300a1
013000a1
013100a1
013200Aa1
013300a1
013400A1
013500a1
013500a1
013700A1
013800a1
013300a1
01400041
0i14100a1
014200A1
01430041
01440041
01450041
014500a1
014700a1
01480041
01430041
01500041
015100A1
015200A1
015300A1
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